Generally the basic sciences of physics, chemistry and mathematics and the applied sciences of anatomy, physiology and pharmacology are associated with the history of the development and advancement of anaesthesia. In considering the history of infection control in anaesthesia, the contribution of microbiology must be added to the above. When sifting through old books and journals it is often difficult to understand the stimuli for the leaps of progress; I believe the zeitgeist is often the invisible (to our eyes) all important factor. An attempt to briefly illustrate some of the main events and characters follows.
If there be one evil more crying, more disgusting than another, in the practice of inducing anaesthesia, it is the use of inhalers. So long as we are only experimenting upon the lower animals, there can be no reasonable objection to their use; but when we come to administer chloroform, ether, or any such agent, to ourselves, I for one throw out a decided protest against being required to inhale through any instrument which has been used for a similar purpose, by any other man, woman, or child. There is not one inhaler, my own excepted, where every patient is not made to breathe through the same mouthpiece, tube, and chamber. There is not one mouthpiece which is not made to fit every person, bearded or not bearded. Sweet seventeen is made to follow a bearded devotee to Bacchus, saturated with the smoke of cigars and the exhalations of cognac; or another whose nasal and pulmonary mucous membranes, leave alone the cutaneous surroundings of the mouth and nares, may be exhalent of all odours but those of purity and innocence, and when looked into may be found sensible to sight as well as smell . . . Only fancy inhaling through the same apparatus just used by a patient suffering from ozaena, specific or non specific, or from some of one of the countless chronic, constitutional, and contagious(?) diseased conditions of the oral, naso-pharyngeal, and pulmonary mucous membranes. We surely do not require to be informed that we expire something more than carbonic acid and water; but it would appear that the inventors of the endless number of inhalers for the purpose of administering anaesthetics really believe we exhale nothing more.
Speak of refinement! We turn up our nose if we have not a clean table-napkin every day, if our knife, fork, spoon, and plate be not cleaned or changed after every dish, or course, at dinner; if we have not separate finger glasses and the like; but when we come to inhalationalthough we have all, thank heaven, been provided with separate lungs and air-passages-after twenty-five years' experience of medicine by inhalation, we remain the merest barbarians, everyone breathing after his neighbour, and through the same instrument 1 .
Thus, in 1873, Thomas Skinner of Liverpool made the first published reference to cross infection in anaesthesia, while promoting his own cloth-covered wire-frame chloroform mask 2 . The events in Boston on October 16th, 1846 had led quickly to the appearance of a multitude of inhalers on both sides of the Atlantic. Typically these comprised a vaporizing chamber, inhaling tube, valves and facemask 3 . As Skinner lamented, no mention was made of cleaning masks or valve apparatus. His contemporaries seem to have had a similarly unfettered approach to other aspects of anaesthesia. Braine outlined his method of resuscitation with amyl nitrate in 1884:
One of these (ampoules) being dropped on the floor and stamped on, the fluid runs into the cotton wool, and, on this being held opposite the patients mouth the vapour is inhaled and the heart at once begins to beat forcibly and for "jerky respiration", . . . . . . introducing your forefinger into the pharynx and rubbing it over the back of the tongue, pillars of the fauces and epiglottis. 4 Things were slow to change. In 1894 J. F. W. Silk described the use of celluloid in the construction of face pieces and masks. He claimed:
They are more cleanly. Provided that warm water is not used, they can be frequently washed and scrubbed. The material itself being absolutely non absorbent, they can easily be kept free from unpleasant odour. 5 Hot water was to come. A glass mask 6 , a supplemental bag made from a "new kind of rubber" 7 , a modified metal Clover's inhaler 8 , a Clover's bag made from "mosetig battist" 9 , and two nickel silver inhalers 10, 11 all appeared between 1900 and 1905. The authors claimed the great advantage of these items being sterilizable by boiling.
The stimulus for this enthusiasm for sterilization is a matter for conjecture. I suggest that the spreading influence of Lister on their surgical colleagues and the development of local anaesthesia, both by infiltration and intraspinally, exposed anaesthetists to ideas of asepsis and sterilization.
A. E. Barker described his technique for infiltration in 1899: "Powders of eucaine . . . boiled for a few minutes in several ounces of distilled water"; "A special syringe . . . it can all be taken to pieces and boiled" 12 .
A. S. Gubb outlined his first experience with subarachnoid anaesthesia in Algiers in 1904: "The skin over the lower part of the back was carefully disinfected in the usual way. The long iridium needle was sterilised by heating to redness in the spirit lamp 13 ." The accompanying drawing shows the barehanded anaethetist about to plunge the recently glowing needle into the prepared back. In England things were done differently. H. P. Dean advised: "The hands, too, must be made as sterile as possible and then put into sterile gloves" 14 .
J. T. J. Morrison concurred: "The spinal anaesthetist should think surgically and wear gloves" 15 . Barker went on to be the spinal expert of his day, and instructed thus in 1912:
All needles, syringes etc to be employed for this procedure shall be left apart in their own special metal box for this procedure, and for it alone. The same holds good of the little steriliser in which they are boiled. 16 The development of intratracheal insufflation techniques brought with it new equipment. Miller, in 1906, described a "new and satisfactory apparatus" which consisted of:
. . . a vaporizer, foot pump, mouth gag, together with the rubber tubing necessary for connecting these to the vaporizer. This tubing is divided six inches from the mouth or nasal tube, the parts being joined by a glass connection so that the short end may be readily be removed for sterilisation. 17 Boyle employed a gum elastic catheter passed through the vocal chords. No mention was made of sterility 18 . Magill recommended nasal intubation and advised: "commercial rubber tubing is the most satisfactory material. The tube should be cut obliquely, sterilised and lubricated with soft paraffin" 19 .
The possibility of respiratory infection being encouraged by anaesthesia was beginning to occupy some minds. In 1922, Featherstone described a combined anaesthetic mask and airway:
The apparatus here described is designed to minimise the risk of infection of the lungs from the nose, mouth, or pharynx. It is particularly useful in the presence of acute or subacute catarrhal conditions and for patients who have been exposed to influenza or other contagious diseases. 20 The equipment attempted to stop the entry of pathogens from the mouth, nose and pharynx.
Dawkins looked at pulmonary complications in 2535 cases and concluded:
. . . in nearly every instance pulmonary complications are much more frequent after endotracheal anaesthesia . . . most marked in the case of broncho-pneumonia, which is only to be expected from the ease with which septic material can be carried from the nasal cavity into the trachea by the catheter. 21 As closed anaesthesia systems began to appear in the 1930s, anaesthetists turned their thoughts back to Skinner and his fears of infection passing from one patient to the next. In 1933 Harris described a machine which he tested for bacterial contamination:
. . . pathological organisms, if present, do not reach the bag, and . . . therefore cannot be inspired. The possible source of infection lies in the common breathing tube and mask, which as an ordinary routine, can be removed easily and washed with an antiseptic solution. 22 Mallinson was unconcerned with possible contamination when describing the Shipway apparatus in 1939: "It can be taken completely to pieces easily and quickly and can be cleaned simply and with dispatch" 23. In 1937 a concerned MD of Tennessee wrote to JAMA:
I would like to have some information concerning the possibility of a patient contracting influenza by being given an anesthetic with a machine which had previously been used on a patient in an emergency, who had mild influenza at the time. 24 He was referred in reply to a study by Magath, who had investigated bacterial colonies expired by his subject. He concluded: This is not a great number (of bacteria) and, even if they get into the machine, it is by no means certain that they may contaminate the side of the machine through which inspiration occurs. But the possibility of even a few tubercle bacilli, diptheria organisms, or virulent pneumococci being transmitted in such a manner to a patient is not to be tolerated. Besides, one may suspect the likelihood of viruses being thus transmitted. 25 Generally, subsequent work has supported Magath's view and decontamination guidelines have been set out to prevent the theoretical chance of disease transmission [26] [27] [28] [29] [30] [31] .
Twenty-five years after Magath's recommendations, Stark, Green and Pask summarized the intervening work:
Firstly, those pieces of apparatus which actually come in contact with skin and mucous membrane of the patient, . . . are all liable to become heavily contaminated and should be sterilised after use. Ideally they should be stored under sterile conditions and handled with as much attention to asepsis as possible. Secondly, that while pathogens can be found by physically swabbing of the inner surfaces of the anaesthetic apparatus, there is no very clear evidence that these organisms may be picked up by the gas stream and actually cause infection in a subsequent patient.
They then set up an experiment to infect anaesthetic machines and recover the organisms from them under conditions approximating those found in clinical practice. They found:
. . . it appears that infection is unlikely to be transmitted from patient to patient", but added the following, which came to be accepted practice: "Where a patient is known to be infected with a virulent organism such as Mycobacterium tuberculosis or an antibiotic resistant Staphylococcus aureus, we consider that anaesthesia should be conducted with apparatus which can be easily be sterilised after use, and be kept exclusively for this purpose. 32 Jenkins and Edgar, in 1964, set out to investigate whether infection was likely to be spread when masks, connecting pieces, corrugated tubing and other parts of the machines were not sterilised. Like others before them, they found:
. . . although there is little conclusive evidence that inhalation apparatus does in day to day use cause crossinfection, there is abundant evidence, which our investigations and experiments reinforce, that it can, and often does, harbour pathogens. It seems unjustifiable to use such apparatus without taking some steps to remove any pathogens which may be present. and recommended:
1. Equipment which is used within the patient's respiratory tract should be autoclaved each time it is used.
2. Masks, Y-pieces, angle pieces and endotracheal-catheter mounts should be autoclaved, boiled or pasteurised (at 75°C for 10 mins) each time they are used.
3. Corrugated tubing, reservoir bags and Waters' canisters should be autoclaved, boiled or pasteurised daily and every time they are used for patients known to have respiratory infections.
4. Circle absorbers should be sterilised by ethylene oxide or formaldehyde vapour, or alternatively dismantled, cleaned and disinfected at regular intervals. For known infective cases an apparatus which can be sterilised by heat should be used. 33. These guidelines involved an awful lot of cleaning and by now, the late '60s, the throw away era was approaching. Sure enough, Roberts wrote in a letter to the editor of the Journal of the American Medical Association:
The monetary objection to disposable equipment that would eradicate crossinfection from the anesthetic machine is short-sighted. Each surgeon spends $3 to $4 on his cap, mask, footwear, gloves, handbrush, germicidal soap etc, before he enters the operating room. Yet for a similar cost we are quite happy to risk pulmonary crossinfection when for so little it might be avoided. I have recently introduced into my practice a disposable anesthetic circuit which has just appeared on the market. Compared to the charges to which a patient is submitted when he enters the hospital today, this $3.50 is probably his greatest bargain 34 .
By 1972 a similarly priced circuit had been exported to France 35 . In 1974, Albrecht and Dryden described their use of a totally clean disposable system and in a non-controlled, retrospective study showed a reduction in postoperative pulmonary infection rates 36 . In a 1976 decontamination guide, Lumley advised, This (the use of disposable items) is particularly useful for patients known to be infected with virulent organisms. In evaluating the comparative cost of disposable and re-usable items, many factors are often forgotten. To the costs of storage, delivery and collection of re-usable items must be added those of cleaning and sterilising 37 .
Filters in circle systems were described as early as 1933 38 and by Magath in 1938 25 . Bishop, Roper and Williams described the fitting of an absolute (0.5 micron) filter to the inlet port of a Radcliffe respirator in 1963. It measured 17 cm in diameter and was 11.5 cm deep 39 . Phillips and Spencer tried this filter between patient and ventilator in an ITU setting but found: "used this way, the filter . . . becomes blocked in hours or days" (by condensation) 40 .
Ping et al considered the routine use of bacterial filters in the 38 operating rooms of the Vancouver General Hospital in 1979 but concluded: "The use of bacterial filters does not appear justified if a strict regimen of cleaning and pasteurisation is followed" 28 . Browne and Chernesky in 1988 thought 0.2 micron filters had a role in protecting "complex, difficult to sterilise equipment such as ventilators and soda lime absorbers from bacterial and viral contamination" 31 .
In the hundred and twenty years since Skinner's outburst, anaethetists have indeed come to accept that we do expire "something more than carbonic acid and water" 1 . However the consequences of this and actions required are still a matter of conjecture.
